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LHCb measurements of Bd,s J/tp + X are shown to be consistent with historical data on scalar 
and axial mesons below 2 GeV. This is in contrast to some recent interpretations of these data. 

Further tests of our hypotheses in other Bu,d,s —>■ J/p) -\- X decay modes are suggested. 
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I. INTRODUCTION 

Recently the LHCb collaboration has released a series of papers i i i i a a on Bd or Bg decays to J/ip + X 
where A is a scalar or axial vector meson. This mechanism gives a potentially clean flavour filtering. Production in 
Bg ^ J /ip + A(ss) occurs at leading order and the Bd —>■ J / ip + X{dd) is the dominant entree to the accompanying 
meson X, though Cabibbo suppressed. Thus Bg gives an amplitude proportional to the ss content of X, and the Bd 
decay gives amplitude proportional to its dd content. There is no direct way to probe the uu content by recoil against 
J/ip, but decays of the charged B~ —>• J/ipX~ give information about the coupling to strange (Cabibbo leading) or 
isovector states (Cabibbo suppressed). 

LHCb has investigated the flavour content of X for both scalar mesons and for the /i(1285) by measurement of 
Bd,s J/ip + X. The conclusions, prima facie, differ from those drawn from experiments at CERN by both WA102 
(central production), GAMS and Crystal Barrel (proton antiproton annihilation at low momentum). Our interest 
was triggered by how similar some of the features observed in the LHCb data are to what was found in the 1990s. 
Our strategy is to adopt the conclusions from the aforementioned experiments and see if they are consistent with the 
LHCb data. We then identify specific further tests that may shed light on any outstanding issues. 

The basic conclusions and their relevance to the LHCb results, are as follows: 

1. CERN hadronic experiments (such as central production, pp annihilation at LEAR, etc) indicated the presence 
of three scalars in the 1.3 to 1.8 GeV mass range. Interference between these, and the different production mechanisms 
in the various processes and channels, explained why peaks appeared with different mass or width in various channels 
in different experiments. 

2. LHGb has observed peaks in this mass region in the decays of Bd^g —>■ J/ip2'K-, J/ipArr. Here too there may be 
indications that the masses and widths are channel dependent. 

3. We have taken the masses, widths and the same logic as in the old CERN results. (We have even used the 
same computer programmes as were used in WA102). We made no adjustments to the input. We then compared the 
output to the published data of LHCb where available. Despite the fact we have no access to the acceptance corrected 
data, the description of the raw mass spectra are remarkably consistent. It would be interesting to see how robust 
this description would be if compared with the acceptance corrected data. 

4. Eurther, if we use the model interpretation of the three scalars /o(1370);/o(1500);/o(1710) as mixtures of a 
standard nonet nn;ss and a scalar glueball, G, which historically fitted existing data on hadronic and J/ip decays, 
0 the relative normalisation of some signals can be assessed. 

First we use the /i(1285), as seen in Bd^g —>■ J/ipAir. The LHCb results are found to be consistent with the flavor 
mixture deduced historically, where, approximately: /i(1285) ~ 0.9nn— 0.4ss Q. This allows predictions to be made 
for other channels, specifically the production of scalar mesons above 1 GeV in —>■ J/ip4:TT. Where it is possible 

to do so from published data, everything is consistent: the conclusion is that LHCb is consistent with world data on 
these scalar and axial mesons. 

5. We then use these results to look at Bd^g —>■ J/^27r. If we assume presence of /o(980) consistent with the upper 
limit obtained by LHCb, then the solution is consistent with historical results. In particular, there is no need for more 
radical conclusions, reported in Q. 

6. We propose an interpretation of LHCb data consistent with significant isospin violation in the vicinity of /o(980) 
and the KK threshold. This phenomenon has been noted historically in hadron data [l0l - [l3 |. A test of this hypothesis 
is proposed for LHCb in the channel Bg —>• J/ipao{980). 
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II. Bd,s J/V’Itt 

Even without any detailed analysis, the similarity between LHCb and WA10 2 sp ectra on 47r is evident. First 
compare the 47r spectra from LHCb (Figs 2 of Refs. i) with that from WA102|l6l]. A clear signal of /i(1285) is 
visible in both cases, as well as strength above 1.3 GeV. In the case of the Bd decay the spectrum also shows clear 
structure centred around 1.45GeV, noticeable for having a sharp rise on the low mass side and a gradual fall on the 
high mass side. This looks similar to what WA102 observed in the 1990s and described as being due to the interference 
between two scalar mesons: /o(1370) and /o(1500) Ref. [la. First we compare the data on /i(1285) and establish 
their quantitative consistency. 


A. Bd,s ^ J/tpfi{1285) 


If the flavor mixing basis is defined by 


/i(1285) = cos9—^\dd + uu) + sin9\ss) 
V2 


then the ratio of branching ratios 


Bd —>■ J/t/’/i(1285) cot^9 
Bs J/V’/i(1285) ^ 50 


( 1 ) 

( 2 ) 


where we have assumed that the phase space for Bd and Bg decays are the same and that their lifetimes are also. (In 
practice this is correct to within 2%). We have approximated the Gabibbo suppression tan^9c ^ 1/25. 

A previous analysis by Glose and Kirk, performed using the data from WA1O20, showed that the flavour content 
of the /i(1285) was /i(1285) ^ nn — QAss. This solution is consistent with a flavor mixing angle of 22°. For pedagogic 
illustration, take this angle 9 to be half of 45degrees, and hence cot‘^9 = = 5.7. Thus Eq. (I2|) would predict the 

ratio of rates ~ 11.4% to be compared with LHCb data: 11.6 ± 3.1%. Thus we conclude that the LHCb data agree 
with the historical solution. 


B. Bd,g J/^/o( 1370/1500) 

The similarity in structure of the 47r spectrum in LHCb with that of WA102, and the quantitative agreement with 
the /i(1285) signal, inspires a comparison of the full spectrum, and of the enhancement around 1450MeV with the 
interference solution advocated by WA102. 


III. FITS TO THE MASS SPECTRA 
A. Using the parameters from WA102 to fit the Bs —^ J/'ipA'K data from LHCb 

A fit has been performed to the the 47r mass spectrum using the parameters obtained from the 7r+7r“7r+7r“ mass 
spectrum from WA102 0 namely 

/i(I285) : m = 1285 MeV T = 20 MeV 

X(1450) : m = 1445 MeV T = 100 MeV 

/2(1950) : m = 1910 MeV T = 450 MeV 

The relative amplitude of the states is the only free parameter. The resulting comparison with LHCb data is shown in 
Figure [TJ It should be noted that we have no absolute normalisation and have illustrated a fit to the total published 
mass spectrum. In particular, we have assumed that the region around 1450 MeV is dominated by J=0. LHCb 
indicate the presence of some helicity I in this region, this would change the normalisation but not the shape of our 
fits. However, we urge that careful re-analysis of this region be made in view of the fact that there is no known state 
of the required mass and width with J^O decaying to 4pi in the 1450 MeV region. As stated earlier, our aim is not 
to produce a perfect fit to the published data but rather to suggest a possible method that the LHCb collaboration 
could apply to their data. 
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M(47i) GeV/c2 


FIG. 1: Fit to the LHCb An mass spectrum obtained from Ba —>■ J/ipAn with the parameters obtained from the fit to the 
WA102 Mass spectrum including an X(1450). 


Similar to what has been observed in LHCb, experiment WA102 and its predecessor WA91 [T3| found that although 
a peak in the 1500 MeV mass region was observed in several decay channels it appeared to have a mass and width 
that was channel specific. At a similar time in the 1990s other experiments were also observing peaks in this region. 
For example, the GAMS collaboration observed a G(1590) decaying to pr? and 7777 ' M- Whilst the Crystal Barrel 
experiment observed the /o(1500) in several final states in pp annihilations [l9|, it was realised that these discrepancies 
could be solved by assuming that two scalar states in this region interfered to produce the observed peaks. The different 
production rates and decay rates to different channels led to distinct interference structures which explained all the 
observations. The two states have become known as the /o(1370) and /o(1500). Our fit to the 47 r LHCb mass spectrum 
from the reaction Bs —>■ J/'i/jAtt allowing for the interference between these two states as well as the /i(1285) and 
/2(1950) is shown in Figure[2j In this fit we have constrained the masses and widths of the /o(1370) and /o(1500) to 
lie within Icr of the values obtained in WA102. The resulting masses and width from the fit are 

/o(1370): m = 1340 MeV F = 200 MeV 

/o(1500): m = 1490 MeV F = 135 MeV 

Given the constraints on the parameters used in the fit and uncertainties in background contributions, this parametri- 
sation gives a reasonable description of the data. 

B. Predicting the An mass spectrum in Bd J/ipAn data from LHCb 

We have used the ss and nn coupling of the /i(1285) and the number of events observed in Bd —>■ Jj^An and 
Ba —> J/ijjATT to calculate a normalisation for the two channels. Using (a) this normalisation, (b) the number of 
/o(1370) and /o(1500) obtained from the fit to the Bg —>■ J/piAn and (c) the previously determined coupling of the 
/o(1370) and /o(1500) to ss and nn determined from the WA102 data (see below) [ 2 ^, we can predict the number 
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FIG. 2: Fit to the LHCb An mass spectrum obtained from Bs —^ J/ipAn with the parameters obtained from the fit to the 
WA102. The mass spectrum includes interference between the /o(1370) and /o(1500). 


of events that should be observed in —>■ J/ipAn. The only free parameter is the relative mixing angle between the 

two states, which may be production mechanism dependent, and the contribution from the /2(1950). 

In order to predict Bd —t J we need a model for the flavour content of scalar mesons. Our purpose is to test 
the consistency of LHCb data with models abstracted from historical data. In the global perception of the latter we 
distinguish those below and above 1 GeV. The template for the low-lying scalars is based on Jaffefisjl 




[ud] [ud] 

/o(500) 

[wd] [ds], 

[ud\ [sd], [us] [ud], 

[ds] [du] 

K 


-^([sujsu] -b 

[sd][sd]) 

/o(980) 

'su][sd\, - [sd][sd]), 

[sd] [su] 

ao(980) 


Those above I GeV are consistent with a nh and ss nonet mixed with a scalar glueball. This is motivated by lattice 
QGD, and remains consistent with data accumulated for over a decade. For convenience, we summarise the resulting 
trio of isoscalar 0++ states as follows 


/o(1370) = -b0.6|G) - 0.1|ss) - 0.8|nfi) 

/o(1500) = -0.7|G) -b 0.4|ss) - 0.6|nfi) 

/o(1710) = -b0.4|G) -b 0.9|ss) -b 0.15|nfi) (4) 

The absolute values should not be taken too seriously, but the relative division into large, medium and small, is 
robust as are the relative phases: all constructive in 1700; the destructive phase between ss and nfi in 1500, and the 
constructive versus destructive phases between G and nn in the three cases. 
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The resultant prediction for ^ 
spectrum. 


J/ipAiT is shown in Figure |31 which is a fair representation of the empirical mass 
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FIG. 3: Fit to the LHCb dyr mass spectrum obtained from Bd —>■ J/ip4:T^ with the parameters obtained from the Bs decay mode 
and the previously determined coupling of the /o(1370) and /o(1500) to ss and nn . 


We now describe the quantitative comparison of these data with the model. 


IV. SCALAR MESON MODEL ABOVE 1.2 GEV AND LHCB DATA 

Here we show the model expectations that led to the curves in Fig. |31 The resulting fit is shown in Figure 0^. The 
scalars are produced in proportion to their dd and ss content, analogous to the analysis of the /i(1285) case. We can 
thus make statements about their relative strengths in both Bd and Bg decays to J/ipfo. Ignoring phase space (the 
error in this is probably less than that in the intrinsic flavour strengths anyway!), the relative production rates are as 
follows: 


Bg ^ J/i/;/o(1370) : /o(1500) : /o(1710) = I : 16 : 81 


( 5 ) 


and from Bd decays: 


Bd ^ ^0(1370) : /o(1500) : /o(1710) = 32 : 18 : 1 (6) 

The relative rates from Bd (per unit of dd in the amplitude) are Cabibbo suppressed by a factor of about 25 relative 
to those of Bg (per unit ss). 

These rates will be perturbed, however, by the presence of G. Thus, an extra coupling strength in Bg —>• /o(1370) 
may be expected, for example. Although there will be a suppression factor x for Bg —0.6G —>■ O.Gxss, this overall 
may compare with Bg —>■ O.lss. Inclusion of this gluon contribution gives relative contributions: 
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Bs ^ J/V’[/o(1370) : /o(1500) : /o(1710)] = (1 + Qxf : (4 + Ixf : (9 + 4x)^ (7) 

We ignore the glue admixture in the Bd decays as the direct couplings to dd are either large or comparable to the 
glue content, and so the latter is at most a perturbation, to the accuracy of our schematic model. 

The relative rates in Bd,s J/tp^ir are given by Eqs. (O and dl]) after the respective branching ratios /o — 47 r 
are taken into account. Approximately the BR of /o(1500) ~ 50% whereas that of /o(1370) ^ 100% [2l|. Thus the 
relative orders of magnitude that we would expect in this simple model (ignoring glue) are 


B, ^ J/V'47r[/o(1370) : /o(1500) : /o(1710)] = 1:8:0 

Empirically, the curves in Figure[2l give ratio 1 : 6.4 ± 0.6 ± 1.0 : 0 
Eor Bd decays the model then implies: 


( 8 ) 


Bd ^ J/V'4^[/o(1370) : /o(1500) : /o(1710)] = 32 : 9 : 0 
and these were imposed to generate the curves. 


( 9 ) 


A. Possible evidence for the /o(1710) in Bs decays 

Having shown that the data from LHCb on Bg^d —>■ J/' 047 r are consistent with the presence of the /o(1370) and 
/o(1500), we now turn our attention to the other member of this scalar triplet, namely the /o(1710). This state 
decays prominently to KK and 7777 , and was not observed to decay to 47 r in WA102. The relative decay rates were [2l|: 


TTTT : KK : rjrj 

/o(1710): 1 : 5.0 ±0.7 : 2.4 ±0.6 


: rjrj' : 

: < 0.18(90% CL):< 0.54 (90 % CL) 


Our fits have assumed that the branching ratio /o(1710) —>■ 47 r = 0. 

The canonical model implies that this state has a big production rate in Bd^s J/tliss but small decay width 
to pions, as observed. It implies a significant signal in J/ipKK, also as seen empirically. As this channel also has 
considerable interest for a complete understanding of the production of the /o(980), we initially focus on the mass 
region above 1.2 GeV and return to the 1 GeV region later. 

We Hrst turn our attention to the reaction Bg —J/t/iAT+AT”, which is dominated by the (/)(1020) and /2(1525) [l|. 
The resultin g fit is shown in Figure0Ji. The fit can be improved further by including a contribution from the /o(1710) 
of the PDG |22l| . with mass and width fixed to the PDG values namely: m = 1722 MeV P = 135MeV. The resulting 
fit is shown in Figure|3}D. The /NDF has decreased from 80/65 to 69/63 or the probability has improved from 0.09 
to 0.28. 

Fits have also been performed to the tt+tt” mass spectrum above 1.2 GeV observed in the decays Bg —>■ J/t/tt+tt" 
Q using one of the parametrisation used to fit the S-wave tt+tt” spectrum in WA102 [ 2 ^. In this fit, the mass and 
width of the /n(I370) and /o(I500) and /o(I7I0) have been fixed to the WAI02 values, which are consistent with 
those of the PDG [^. Their relative amplitude and phase have been left free, and interference between these states 
was allowed. The results of the fit to the region above 1.2 GeV is shown in Figure [S^ and b without and with the 
inclusion of the /o(1710) respectively. An improved fit to the mass spectrum is obtained, and the presence of the 
/o(1710) is clear. Thus we see evidence that this state is present in the Bg decays in both the K^K~ and tt+tt” 
channels. 

Having shown that LHCb data above 1.2 GeV are consistent with the canonical picture, we suggest that LHCb, 
who have access to the acceptance corrected data sets, reanalyse their data incorporating the scalar resonances we 
have discussed. We now turn to the scalar mesons below 1 GeV where the WA102 fit included a low mass tt+tt” 
enhancement (or ct(500)), and /o(980). 

Having established an interpretation of the 47 r data with three scalar mesons above 1 GeV, we can now examine 
the implications of this picture for J'ijj2TT. This will also have structure below 1 GeV, linked to the ct(500) and 

/o/ao(980) in the scalar meson sector. 
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FIG. 4: Fit to the LHCb K mass spectrum obtained from Ba —>■ K a) without and b) with the parameters of 

the /o(1710) obtained by WA102 




M(71+7t-) GeV/c2 M(7r+7T-) GeV/c^ 

FIG. 5: Fit to the LHGb mass spectrum obtained from Ba Jj■ k~ a) without and b) with the inclusion of the 

/o(1710) 


V. LIGHT SCALARS AND ISOSPIN BREAKING 


In the specific case of Bd,s —>■ J/^/'/o(980) there is an important issue about the role of the nearby KK threshold, 
which, inter alia, leads to effects that are in effect isospin violating. This has not been taken into account in existing 
analyses of the LHCb data and, as we shall now show, are critical in their interpretation. 

First we briefly review the LHCb results on the /o(980). The original paper @ includes /o(980) in the fit. The 
subsequent paper with approximately twice as many statistics, concludes that the /o(980) is not required statis¬ 
tically. Nonetheless, by eye one it is possible to see a discrepancy between the data around 1 GeV and the fit which 
indicate the possible presence of the /n(980) (for example. Figs. 12 and 13 of Ref. @). Based on an upper limit 
for the production of the /o(980. Reference has investigated the implications for models of scalar mesons. We 
generalise their analysis to take account of possible isospin violation in the fo — ao — KK threshold system, which 
was determined historically. Remarkably, this could be the most significant effect in this region. We now review this, 
discuss its implications, and propose a further test for LHCb. 

The KK threshold plays an essential role in the existence and properties of the /o(980) and ao(980). Isospin 
symmetry is broken by the u — d quark mass difference. The mass gaps between these scalar mesons and the K'^K~ 
relative to K^K^ thresholds differ significantly. The S-wave couplings of the scalar mesons to the KK threshold 
thus lead to asymmetric couplings to the uu and dd flavors. As remarked above, the potential for significant flavor 
asymmetry, manifested as isospin violation, in these states has long been recognised. |10l - [l^ . Direct empirical evidence 
for a significant flavour distortion was found in the central production of scalar mesons by WA102 13j, where an 
isoscalar coupling to the oq was found to occur with an intensity of order 10% of the canonical isovector. 

Whether these states are KK molecules, or instead the KK threshold merely drives these effects, is still to be 
resolved. In either case, the coupling of /o(980), for example, to uu and dd will differ in strength. In Ref. 0 the 
relative effective couplings to KK threshold was defined 







/o(980) = cose\K+K-) + sin9\K°K0) 
ao(980) = sine\K+K-) - cos0\K°KO) 


(10) 


and the mixing angle empirically determined to be 0 = 30 ± 3°. For pedagogic purposes and analytic illustration, we 
use 0 = 7r/6, which is consistent with our result. Thus we may describe the relative amplitudes for coupling of these 
scalar mesons to light flavors as follows: 


/o(980) = 

ao(980) = (11) 

The production of mesons in D,B and Dg,Bg decays has traditionally been recognised as a means to assess the 
light flavour content of said mesons. LHCb has recently reported data on B^ J/iIj + fo{dd) and Bg J/^/^ + /o(ss), 
where /o refers to either /o(980) or cr(500), and the flavors quoted in parentheses are theoretically the dominant entree 
to the appearance of these states. 

The presence of a in Bd ^ JJip + <y(dd) and its absence in Bg —>■ J/4’ + cr{ss) is consistent with this state having 
strong affinity for uu and/or dd without need for ss. This is all as expected, given its established affinity for tt + tt ”, 
and its relative distance from the KK threshold. The fn(980) however, while seen in Bg —)> J/ip + fo{ss) was not yet 
visible in Bd —>■ J/ip + fo{dd). The analysis in Ref. showed this to be consistent with the /o(980) and cr(500) 
being mixtures of qq flavour states as in Eq. (HH). 

l/o) = cos + sin (^|nn) 
jcr) = — sin(^|ss) + cos:^|nn) 

|nh) = ■^{\uu) + \dd)), (12) 

In this case the amplitude for Bd —>■ J/ip fo is proportional to sin(/j/-\/2, while Bd —?■ J/ipa is proportional to cos(/?/-\/2. 

Alternatively, if the /o and a are diquonium states as in Eq. then - it was argued - the /o should be produced 
with relative strength l/\/2, while the cr is produced with relative strength 1. Thus Ref. [2^ obtained the predictions 


for scalars with qq structure, and 


BFjBd^ J/iPM980)) _ 2 $(/o) 

BF{Bd^ J/ipa) $(a) 


(13) 


BF{Bd^J/iPfo{980)) _ 1 $(/o) 

BF{Bd^ J/ipa) 2 $(cr) ^ ^ 

for scalars with qqqq structure. Here $ is a phase space factor. 

The measured value for this ratio was based on a fit to the Dalitz plot for the reaction Bd —>■ J/ipTr~^Tr~^. This fit 

found no evidence for the /o(980) and hence a small value of the mixing angle was reported: 


tan^ if < 0.098 at 90% C.L. (15) 

This value is 8 sigma removed from the diquonium prediction of Eq. da, hence the LHCb collaboration concluded 
that the diquonium picture of the light scalar nonet is strongly disfavoured. 

These conclusions, however, all made the assumption that the /o(980) couples to dd and uu with equal strength. 
As argued above, and in Refs. [lol - [T^ . this is simplistic. The data imply that the coupling of /o(980) to dd is 
suppressed, and the empirical flavour basis of Eq. (ED already qualitatively leads to such an expectation. 

As an illustration, we now repeat the analysis of Ref. [2^ but with the light flavor basis of Eq. ((TT|) . Present data 
are consistent with this. An immediate consequence, of course, is that a significant production of ao(980) should now 
arise. Obtaining evidence of this state will be a defining test for this hypothesis. 
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With the states defined as in Eq. (nni), the relative couplings to Bd are as follows (Ref. [2^ corresponds to 0 = 7r/4). 


(dJ|/o) = sinO 
{dd\ao) = cosO 
{dd\a) = 1, 


(16) 


The analogous amplitudes for Bg are 


(■ss|/o) = sin0 + cos9 
(ss|ao) = sinO — cosO 
(ss|cr) = 0, 

The generalisations of the amplitudes defined in Ref. [1^ become 


(17) 


. O/o 
sfo 


r 


sfo 

0(7 


T{B —>• /o) sin'^6 

T{Bs —>■ /o) {cos0 + sin0Y 


Ofo _ 
^Oo- = 


T{B 


fo) . 2n 
= Sin 0 


r{B cr) 

T{Bg ^ a) 


TiBg 


sfo y{B. 

^fo) 


= 0 


TiBd ^ a) 


fo) 

= (cos0 + sin0)^ 


(18) 


The analysis of Ref. has assumed that 0 = 7r/4; however, the relative production of fo and oq by gluons in 
central production favours 0 ^ n/6. With this empirical value for 0, whereby sin0 = ^;cos0 = the predicted 
values of the experimental ratios now become 


r 


sOfo — 
sfo ~ 


ns ^ fo) 


r(R«H 

Ofo - 


fo) 

r{B 


' 0(7 


sfo — 


r{B cr) 

r{Bs ^ a) 

T{Bg ^ fo) 


4 + 2\/3 
fo) 

4 


= 0 


sfo ^ r(R, ^ fo) 2 + ^ 

^0(7 - riBd^a) + 


(19) 


The value | is consistent, at Ict with the limit reported by LHCb. We urge that LHCb refit 

their data along these lines. 

There is an implication of our hypothesis for the production of oq, which provides a further experimental test. We 
urge LHCb to study the ratio of ao//o production in each of Bd and Bg —>■ J/ip + {ao/fo)- We give the predicted 
values of these ratios for the flavour symmetric case {0 = 7r/4) and show the change in this when 0 —>■ 7r/6. 


^{Bd —>• J/tpo-o) 
T{Bd ^ J/iffo) 
r{Bg^ J/ijiao) (VS-l 

r{Bg ^ J/fjfo) ^^V3+l 



)^ = 0.07 


( 20 ) 


The relative suppression of ao in Bd —^ J/ipX and its appearance in Bg —>■ J/ipX are delicate measurements, but in 
principle feasible. 
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VI. SUMMARY OF CONCLUSIONS 

Our interpretation of the LHCb data on B^ s —t J/V'27r;47r leads to the following qualitative conclusions. 

1. The /i(1285) is consistent with the flavor mixture /i(1285) ^ 0.9nn— 0.4ss 

2. The data on Bd^s —t J/V'47r show that /o(1370) and /o(1500) interfere, and that ss is more prominent in /o(1500) 
than in /o(1370) Q- 

3. The data on Bg —>■ J/^/>27r show that there is a large ss component in /o(1710) and that this scalar interferes 
with the other scalar states and the S-wave background. 

5. Thus we expect a prominent signal for /o0710) in Bd,s — t J/tl’KK. Evidence for a peak in KK spectrum is 
consistent with the parameters of the /o(1710) [ij 

A. Further discussion 

The existing data on Bd^s J/tp + X are consistent with a canonical picture of scalar mesons, as deduced from 
historical data. We have used the historical picture to construct curves and compared them with LHCb data, where 
available. We have not made an attempt to perform a best fit to these data. It would therefore be interesting if 
LHCb now made a fit to their acceptance corrected data taking into account our scenario. As the nature of the scalar 
mesons is so fundamental, not least in connection with the isolation of a scalar glueball degree of freedom in this mass 
region, the picture presented here merits serious examination. 

We have given some further tests of our hypothesis, such as the production of Oq in Bd —t J/ipX. A further test 
of these ideas will come if neutrals can be detected and rjs reconstructed. The spectrum for Bd^s J/%pr]r] would 
thus be valuable as an independent test of the flavour-glue mixing in the scalar mesons above 1 GeV. A study of 
B°’~ —>■ J/ipriTT is also relevant, for understanding the ao(980) production. 

In conclusion: the LHCb data appear to be consistent with the picture of scalar mesons below IGeV being tetraquark 
states, and those above I GeV being a canonical nonet mixed with a scalar glueball. 
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